A simple, efficient and clean procedure has been developed for the C-alkylation of barbituric acid. The Michael addition of barbituric acid to α,β-unsaturated esters by employing K 2 CO 3 in the nano-mordenite media (K 2 CO 3 /nano-MOR), as catalyst, gave C-alkylated barbituric acid in good to excellent yield. Nano-MOR showed good reusability. K 2 CO 3 /nano-MOR catalyst has been found to be an excellent catalyst for the reaction under solvent-free conditions at 80-90 ˚C.
INTRODUCTION
Barbiturates, that are derivatives of barbituric acid (pyrimidine-2,4,6-trione), belong to one of the most important classes of drug molecules.
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These compounds were first introduced for medical use in 1911. 8 More than 2500 barbiturates have been synthesized and in the height of their popularity about 50 were marketed for human use. 9 Today, only about a dozen are still in use. Although barbituric acid itself is devoid of biological activity, its derivatives such as single or double C-alkylated barbituric acids have sedative, hypnotic, anesthetic and anticonvulsant activities. 10 Clinically important hypnotic-sedative barbiturates have substitutions at sites 1,2-and, especially, 5-of barbituric acid. [11] [12] [13] Side chains at position 5-(especially one of them is branched) is essential for hypnotic activity. 14 Diverse routes have been reported for the synthesis of C-alkylated derivatives of barbituric acid the majority of them involving a condensation of urea and malonic esters derivatives. [15] [16] [17] [18] But very little extent of work on the direct C-alkylation of barbituric acid is found in literature. Therefore, it is felt necessary to develop an efficient method for the performing of these reactions. In continuation of our studies on solvent-free organic reaction on solid supported reagents, [19] [20] [21] we report herein an efficient procedure for the synthesis of C-alkylated barbituric acids via Michael addition of barbituric acid to α,β-unsaturated esters in supported potassium carbonate on nano-MOR (K 2 CO 3 /nano-MOR) media under solvent-free conditions (Scheme 1). In this method, no dialkylation at position 5-was observed at all. To the best of our knowledge, there are only few reports on the addition reaction of barbituric acid on α,β-unsaturated carbonyl compounds.
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that the steric hindrance of Michael acceptor did not influence negatively the yield of products (Table 1 , entries 6-16). 
RESULTS AND DISCUSSION
The Michael addition of barbituric acid 1 to ethyl acrylate was investigated as model reaction in presence of K 2 CO 3 /nano-MOR, in the absence of solvent. It was found that when a mixture of ethyl acrylate (1 mmol), barbituric acid (1 mmol), and K 2 CO 3 (1 mmol)/nano-MOR (0.5 gr)) was kept at 80-90 °C for 2 h the corresponding mono-C-alkylated barbituric acid was obtained in 90% yield as the sole product. The double Michael addition on this substrate was not successful even with addition excess Michael acceptor (2 mmol ethyl acrylate). Encouraged by these results we investigated the general applicability of this method on diverse α,β-unsaturated esters ( Table 1) . The reactions were completed in 1-3.5 h and the desired mono-C-alkylated barbituric acids were produced in good to excellent yields ( 
In parentheses C-alkylation reaction times of barbituric acid in the presence of nano-MOR are given. Yield of isolated product (in parentheses C-alkylation reaction yields of barbituric acid in the presence of nano-MOR are given).
It was observed, from the results in Table 1 , that although the reaction occurs without nano-mordenite, the reaction time is very long and the product is obtained in low yield. We believe that the presence of nano-mordenite acts as a media and provides a very effective heterogeneous surface area.
In order to evaluate the role of nano-mordenite in this reaction, we studied the model reaction in the presence of various solvents at 30 °C ( Table 2 ). As Table 2 indicates, when K 2 CO 3 was used in presence of nano-MOR, higher yield, as well as shorter reaction time, was observed (Table 2 entry 9). In another experiment, we performed the model reaction in the presence of several organic and inorganic bases at 80-90 °C in the absence of solvent, and the results were summarized in Table 3 . These results showed that supported potassium carbonate on nano-MOR gave the best results and produced the expected product in 90% yield (Table 3 , entry 6). b Isolated yield.
The recovery and reusability of the catalyst (nano-MOR) was studied on the model reaction. After completion of the reaction the product was extracted by chloroform. Un-dissolved nano-MOR was removed by simple filtration, dried at 200 °C and reused three times without significant loss of activity.
CONCLUSION
A convenient, simple and green process has been developed for the C-alkylation of barbituric acid using supported K 2 CO 3 on nano-MOR type of zeolite under solvent-free conditions. The double Michael addition on this substrate was not successful even with excess Michael acceptor addition. This method is very simple, efficient, and environmentally friendly. It was demonstrated that among the organic and inorganic bases, potassium carbonate, as a cheap and green base, effectively catalyses this reaction in the presence of nano-MOR under solvent-free condition.
EXPERIMENTAL
α,β-Unsaturated esters were synthesized in our laboratory according to literature procedures. 25 The progress of the reactions was followed by TLC, using silica gel SILIG/UV 254 plates. Nano mordenite (nano-MOR) was synthesized in our laboratory. 26 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Bruker 300 MHz instrument. FT-IR spectra were recorded on a Perkin-Elmer RX-1 instrument. Mass spectra were recorded on a Shimadzu GC-MS-QP 1000PX. Elemental analysis for C, H, and N was performed using a Heraeus CHN-O-Rapid analyzer. The melting points were determined in open capillaries with a Stuart Melting Point Apparatus, and are uncorrected.
General procedure for addition of barbituric acid to α,β-unsaturated ester. The nano-MOR is ground together with K 2 CO 3 (1 mmol K 2 CO 3 /0.5 gr nano-MOR) in a mortar and pestle for 15 minutes. Next, α,β-unsaturated esters (1 mmol) and barbituric acid (1 mmol) were added to this mixture and kept in the oil bath for the stipulated time (Table 1) at 80-90 ˚C. The progress of the reaction was monitored by TLC. After completion of reaction the resulting mixture was cooled to room temperature and suspended in chloroform (30 mL). Un-dissolved nano-MOR was separated by centrifugation and subsequent washing with chloroform. The chloroform layer was washed with water (2×10 mL) and dried over anhydrous Na 2 SO 4. The solvent was removed under reduced pressure and the resulting solid material was recrystallyzed from EtOH.
Physical and spectroscopic data of isolated products. , 1H) 
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